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(54) EVALUATING DEVICE FOR CANTILEVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To evaluate a plurality of 
cantilevers without destruction. 
SOLUTION: A support member 10 for supporting, 
capable of being mounted/ demounted, one-plane side 
of a fixed end part 1 a of a cantilever 1 , an excitation 

member 6 for vibrating the cantilever 1 through the fixed £ . 2 - m 

end part 1a when it is arranged, capable of contacting, r e te l l ( f 



A 3 

1 H- 



on another^plane side of the fixed end part 1a of the 5 VV 'VlL 

cantilever 1 which is supported by this support member :ig<JHry ^ ~~1 
10 and in contact with the other-plane side of the " p 

cantilever 1 , a pressing member 2 for pressing and l rp • » 

holding the fixed end part 1a of the cantilever 1 between ->v< 
the support member 1 0 and this excitation member 6 in 
contact with the above other-plane side, a detecting 
means 4 for detecting the vibration of the cantilever 1 in 
position to a free end part 1 b of the cantilever 1 and 
outputting a displacement signal, and a frequency 
analysis device 3 for detecting the characteristic 
frequency of the cantilever 1 when the displacement 

signal is inputted from the detecting means 4 as well as the excitation signal is outputted to the 
excitation member 6, are provided. The cantilever 1 is held between the excitation member 6 
which is fixed to the pressing member 2 and the support member 10, thereby it is possible to be 
mounted/demounted easily and to replace the cantilever without destruction. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the evaluation equipment of a cantilever by which the natural frequency of a 
cantilever is detected and the property is evaluated On the other hand, the fixed-end section of 
the cantilever supported by the supporter material supported for the whole surface side of the 
fixed-end section of said cantilever, enabling free attachment and detachment and this supporter 
material is arranged free [ the contact to a side ]. When [ of a cantilever ] a side is contacted on 
the other hand, The excitation member which vibrates a cantilever through the fixed-end 
section, and the press member which presses the fixed-end section of a cantilever by said 
supporter material, and pinches this excitation member where [ said ] a side is contacted on the 
other hand, While outputting an excitation signal to a detection means to counter the free edge 
of said cantilever, to detect vibration of a cantilever, and to output a displacement signal, and 
said excitation member Evaluation equipment of the cantilever characterized by having 
frequency-analysis equipment which the displacement signal from said detection means is 
inputted, and detects the natural frequency of a cantilever. 

[Claim 2] In the evaluation equipment of a cantilever by which the natural frequency of a 
cantilever is detected and the property is evaluated The supporter material which supports said 
body of a wafer of the wafer formed where each fixed-end section of many cantilevers is 
connected to the body of a wafer, respectively, When it is the whole surface side of the wafer 
supported by this supporter material, and has been arranged free [ contact in the fixed-end 
section of at least one cantilever of a wafer ] and the fixed-end section is touched, By the 
excitation member which vibrates a cantilever through the fixed-end section, and said excitation 
member While outputting an excitation signal to a detection means to counter the free edge of 
the vibrating cantilever, to detect vibration of a cantilever, and to output this displacement 
signal, and said excitation member The frequency analysis equipment which the displacement 
signal from said detection means is inputted, and detects the resonant frequency of a cantilever. 
Evaluation equipment of the cantilever characterized by having the stage which moves the fixed- 
end section and the free edge of each cantilever which were formed in the wafer to the location 
of said excitation member and detection means, respectively through the supporter material 
which supports said body of a wafer. 

[Claim 3] In the evaluation equipment of a cantilever by which the natural frequency of a 
cantilever is detected and the property is evaluated The supporter material which supports said 
body of a wafer of the wafer formed where each fixed-end section of many cantilevers is 
connected to the body of a wafer, respectively, The excitation member which it is fixed 
[ member ] on said body of a wafer by the side of the whole surface of the wafer supported by 
this supporter material, and vibrates each cantilever through the body of a wafer, While 
outputting an excitation signal to a detection means to counter the free edge of at least one 
cantilever of the cantilever which vibrates by this excitation member, to detect vibration of a 
cantilever, and to output a displacement signal, and said excitation member The frequency 
analysis equipment which the displacement signal from said detection means is inputted, and 
detects the resonant frequency of a cantilever, Evaluation equipment of the cantilever 
characterized by having the stage which moves the free edge of each cantilever formed in the 
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wafer to the location of said detection means through the supporter material which supports said 
body of a wafer. 

[Claim 4] In the evaluation equipment of a cantilever by which the natural frequency of a 
cantilever is detected and the property is evaluated The supporter material which supports said 
body of a wafer of the wafer formed where each fixed-end section of many cantilevers is 
connected to the body of a wafer, respectively, The excitation member which vibrates the 
cantilever of the wafer supported by this supporter material, The 1 st detection means which 
counters the fixed-end section of the cantilever which vibrates by this excitation member, 
detects vibration of the fixed-end section, and outputs a displacement signal, While outputting an 
excitation signal to the 2nd detection means and said excitation member which detects vibration 
of the free edge of the cantilever which vibrates by said excitation member, and outputs a 
displacement signal the variation rate from said 1st detection means — the variation rate from a 
signal and the 2nd detection means — a signal inputs — having — these variation rates — the 
evaluation equipment of the cantilever characterized by having frequency-analysis equipment 
which carries out difference of the signal and detects the natural frequency of a cantilever. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention detects the resonant frequency of the cantilever used for 
scanning PUROPU microscopes, such as an atomic force microscope, and relates to the 
evaluation equipment by which a property is evaluated. 
[0002] 

[Description of the Prior Art] Predetermined resonance frequency f1 of a cantilever A cantilever 
is scanned on a sample front face, carrying out proper oscillation, and there is a scanning probe 
microscope to form an image from the surface information acquired by this scan. In JP,63- 
309802A a cantilever needle with the sharp point to the distance which can generate the force 
between atoms Detect the resonant frequency of vibration of the cantilever needle which it 
scans in the condition of having brought close to a sample front face, it is influenced by the 
force between atoms, and is produced to a shift, and by using the shift of the detected vibration 
frequency as information which shows the point of a cantilever needle, and the distance on the 
front face of a sample Forming and measuring the image on the front face of a sample is 
indicated. 

[0003] Such a cantilever needle is equivalent to said cantilever, and it is the specific resonance 
frequency f1 by the application in the inside from dozens of kHz to hundreds of kHz as a natural 
frequency at the time of measurement of a scanning probe microscope. It is used. However, 
resonance frequency fl When many cantilevers are produced to a wafer, it is easy to come out 
of variation for every wafer in which every cantilever and the cantilever were formed, on 
manufacture of a cantilever. For this reason, specific resonance frequency fl It is the actual 
condition which it is using, sorting out only the cantilever which it has. 

[0004] Such specific resonance frequency f1 That is [ it sorts out only the cantilever which it 
has 1 the resonant frequency of each cantilever is detected and it is resonance frequency fl . 
The scanning probe microscope equipment indicated by JP,6-201315,A as equipment which asks 
for whether it is in agreement can be used. Drawing 8 and drawing 9 show how to detect and 
evaluate the proper scan vibration frequency of a cantilever using this equipment. 
[0005] First, as shown in drawing 8 , the cantilever 131 which should be measured is fixed to the 
inferior surface of tongue of the excitation piezo electric crystal 1 32 like an actual busy 
condition and abbreviation with adhesives, a binder, adhesive tape, etc. Subsequently, through 
the amplitude detecting element 136, the excitation piezo electric crystal 132 is driven with a 
variable frequency, and the cantilever 131 currently stuck on the excitation piezo electric crystal 
1 32 is vibrated. The variation rate of the amplitude of a cantilever 1 31 is detected by the 
displacement pickup 135 constituted by the upper part of a cantilever 131 , is processed by the 
amplitude detecting element 136, and is outputted to a computer 133 as an amount of amplitude. 

[0006] A variable frequency is plotted on an axis of abscissa, it plots the amount of amplitude on 
an axis of ordinate, and the oscillation characteristic of the cantilever 131 shown in drawing 9 
expresses the amount of amplitude when changing a variable frequency one by one. Resonance 
frequency f1 of the cantilever which searches for the property of a cantilever 1 31 , i.e., a specific 
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natural frequency, and is needed from drawing 9 R> 9 at the time of measurement of a scanning 
probe microscope It evaluates whether it is in agreement It is resonance frequency f1 as a 
result of this evaluation. When in agreement, it presupposed that it is usable, and it was sorting 
out as use being impossible at the time of an inequality. 

[0007] When the point and sample front face where the cantilever sharpened in the condition of 
having stuck on the excitation piezo electric crystal the usable cantilever sorted out by doing in 
this way on the other hand, and having considered as immobilization are brought close too much, 
a cantilever may be damaged by the mistake on actuation etc. and exchange of a cantilever is 
needed in advance of measurement. However, resonance frequency f1 predetermined in the new 
cantilever which should be exchanged Immediately after preparing the sample which should be 
measured as it is unknown whether it is what it has, it is necessary to evaluate the property 
about a new cantilever, and measurement of the sample under a scanning probe microscope 
cannot be performed. For this reason, even if there is breakage of a cantilever, it is the 
predetermined resonance frequency fl. To prepare a large number so that it can exchange for 
the cantilever which it has immediately is desired. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, to evaluate the property of a 
cantilever beforehand using the scanning probe microscope by the conventional technique, it is 
necessary to fix a cantilever to an excitation piezo electric crystal with adhesives etc. 
[0009] Moreover, since many good cantilevers are prepared, when evaluating other cantilevers 
some, the cantilever which once removed the cantilever from the fixed part grade of an 
excitation piezo electric crystal, and to replace with the cantilever of the next step is required, 
and was removed may be in the condition that it cannot be used according to deformation. 
Moreover, the cantilever manufactured using the semi-conductor process usually used In order 
to evaluate each of the cantilever which two or more formation is carried out on the wafer, and 
was formed on the wafer. Every one piece which started two or more cantilevers and was cut off 
is fixed to an excitation piezo electric crystal per one piece from on a wafer as sampling 
evaluation, and a property is evaluated, and since the removed cantilever deformed also in this 
case, it was impossible to use it, although there is inspection tied to the whole evaluation. For 
this reason, total inspection and the sampling inspection of an abundant sample cannot be 
performed, but a patient throughput is bad. Moreover, it is influenced by the oscillation 
characteristic of the fixed portion to which the amount of vibration holds the excitation piezo 
electric crystal and the cantilever, and exact evaluation has not been performed. 
[0010] This invention does not solve the above-mentioned trouble and invention of claims 1 and 
2 aims at offering the evaluation equipment of one cantilever or the cantilever which can be 
evaluated without destroying two or more cantilevers. 

[001 1] Invention of claim 3 does not have the need of exciting respectively to the cantilever by 
which two or more formation was carried out on the wafer in addition to the above, reduces the 
count of desorption of the excitation piezo electric crystal at the time of measurement, and aims 
at offering the evaluation equipment of a cantilever by which two or more cantilevers can be 
evaluated at a high speed. 

[0012] Invention of claim 4 aims at offering the evaluation equipment of the cantilever as for 
which evaluation of a cantilever is further made to a wafer with high degree of accuracy to the 
cantilever by which two or more formation was carried out, or two or more cantilevers. 
[0013] 

[Means for Solving the Problem] In the evaluation equipment of a cantilever by which invention 
of claim 1 detects the natural frequency of a cantilever, and the property is evaluated On the 
other hand, the fixed-end section of the cantilever supported by the supporter material 
supported for the whole surface side of the fixed-end section of said cantilever, enabling free 
attachment and detachment and this supporter material is arranged free [ the contact to a 
side ]. When [ of a cantilever ] a side is contacted on the other hand, The excitation member 
which vibrates a cantilever through the fixed-end section, and the press member which presses 
the fixed-end section of a cantilever by said supporter material, and pinches this excitation 
member where [ said ] a side is contacted on the other hand, While outputting an excitation 
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signal to a detection means to counter the free edge of said cantilever, to detect vibration of a 
cantilever, and to output a displacement signal, and said excitation member It is characterized by 
having frequency analysis equipment which the displacement signal from said detection means is 
inputted, and detects the resonant frequency of a cantilever. 

[0014] With this structure, to the cantilever by which the fixed-end section was supported, an 
excitation member contacts supporter material, it is vibrated, and a detection means and 
frequency-analysis equipment detect the resonant frequency of a cantilever by this vibration. 
Immobilization of a cantilever is performed by inserting the fixed-end section by the excitation 
member attached in the press member, and supporter material, exchange of the cantilever to 
supporter material can be performed only by canceling press of a press member, and it is lost 
that a cantilever is destroyed. 

[0015] In the evaluation equipment of a cantilever by which invention of claim 2 detects the 
natural frequency of a cantilever, and the property is evaluated The supporter material which 
supports said body of a wafer of the wafer formed where each fixed-end section of many 
cantilevers is connected to the body of a wafer, respectively, When it is the whole surface side 
of the wafer supported by this supporter material, and has been arranged free [ contact in the 
fixed-end section of at least one cantilever of a wafer ] and the fixed-end section is touched, By 
the excitation member which vibrates a cantilever through the fixed-end section, and said 
excitation member While outputting an excitation signal to a detection means to counter the free 
edge of the vibrating cantilever, to detect vibration of a cantilever, and to output this 
displacement signal, and said excitation member The frequency analysis equipment which the 
displacement signal from said detection means is inputted, and detects the resonant frequency 
of a cantilever, It is characterized by having the stage which moves the fixed-end section and 
the free edge of each cantilever which were formed in the wafer to the location of said 
excitation member and detection means, respectively through the supporter material which 
supports said body of a wafer. 

[0016] In this structure, an excitation member contacts the fixed-end section of the cantilever 
by which two or more formation was carried out at the body of a wafer, and a cantilever is fixed 
to supporter material. Therefore, also in this case, only by canceling the contact to the 
cantilever of an excitation member, exchange of a wafer can be performed and a cantilever is not 
destroyed. 

[001 7] In the evaluation equipment of a cantilever by which invention of claim 3 detects the 
natural frequency of a cantilever, and the property is evaluated The supporter material which 
supports said body of a wafer of the wafer formed where each fixed-end section of many 
cantilevers is connected to the body of a wafer, respectively, The excitation member which it is 
fixed [ member ] on said body of a wafer by the side of the whole surface of the wafer supported 
by this supporter material, and vibrates each cantilever through the body of a wafer. While 
outputting an excitation signal to a detection means to counter the free edge of at least one 
cantilever of the cantilever which vibrates by this excitation member, to detect vibration of a 
cantilever, and to output a displacement signal, and said excitation member The frequency 
analysis equipment which the displacement signal from said detection means is inputted, and 
detects the resonant frequency of a cantilever, It is characterized by having the stage which 
moves the free edge of each cantilever formed in the wafer to the location of said detection 
means through the supporter material which supports said body of a wafer. 

[0018] With this structure, the excitation member is being fixed to the body of a wafer, the whole 
wafer vibrates by vibration of an excitation member, and all the cantilevers currently formed in 
the wafer of this vibration vibrate. For this reason, it can evaluate quickly by it becoming 
unnecessary to make an excitation member expect each cantilever. 

[001 9] In the evaluation equipment of a cantilever by which invention of claim 4 detects the 
natural frequency of a cantilever, and the property is evaluated The supporter material which 
supports said body of a wafer of the wafer formed where each fixed-end section of many 
cantilevers is connected to the body of a wafer, respectively, The excitation member which 
vibrates the cantilever of the wafer supported by this supporter material, The 1st detection 
means which counters the fixed-end section of the cantilever which vibrates by this excitation 
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member, detects vibration of the fixed-end section, and outputs a displacement signal, While 
outputting an excitation signal to the 2nd detection means and said excitation member which 
detects vibration of the free edge of the cantilever which vibrates by said excitation member, 
and outputs a displacement signal the variation rate from said 1 st detection means — the 
variation rate from a signal and the 2nd detection means — a signal inputs — having — these 
variation rates — it is characterized by having frequency analysis equipment which carries out 
difference of the signal and detects the resonant frequency of a cantilever. 

[0020] Since this structure detects the resonant frequency of a cantilever using two oscillating 
information, vibration of the fixed-end section of a cantilever, and vibration of a free edge, the 
exact detection of it is attained. 
[0021] 

[Embodiment of the Invention] 

(Gestalt 1 of operation) Drawing 1 detects the resonant frequency of the one-piece simple 
substance of a cantilever, and shows the evaluation equipment for evaluating the property. In 
this drawing, the cantilever 1 is pressed with the spring 2 as a press member with which the field 
of the top attached the piezoelectric device 6 in the lower limit while the fixed-end section 1a is 
laid in supporter 10a of the base 10 as supporter material. Thereby, the cantilever 1 is held free 
[ attachment and detachment ] between the base 1 0 and a piezoelectric device 6. 
[0022] Drawing 2 (a) showed the wafer 59 and is equipped with the body 60 of a wafer, and many 
cantilevers 1 formed in the body 60 of a wafer. After a cantilever 1 uses as the base the semi- 
conductor manufacture technique which consists of micro fabrication and micro-machining and 
forms many on the body 60 of a wafer at a detailed configuration, it is started per one piece in 
the dotted-line location shown by drawing 2 (b) from this body 60 of a wafer. This cantilever 1 is 
free edge 1 b in which the tip side of closing in shown by drawing 2 (b) has a probe 5. In addition, 
the level difference under fixed-end section 1a is on manufacture, and is formed. Said base 10 
makes 10d of horizontal levels which were crooked from plinth section 10b which turned up 
supporter 10a mentioned above, and projected it, stanchion section 10c set up towards the 
upper part from plinth section 10b, and stanchion section 10c, and were extended horizontally 
the basic structure of a skeleton. A spring 2 is arranged in the inferior surface of tongue of 10d 
of horizontal levels of this base 10, and it has composition pinched pressing fixed-end section 1a 
of the cantilever 1 laid in supporter 10a which projects from the plinth section 10 by this through 
a piezoelectric device 6. 

[0023] Thus, the detecting element 4 which has predetermined spacing from free edge 1b, and 
has displacement-sensor 4a which detects the amplitude of a cantilever 1 is arranged in the 
background of the probe 5 of the held cantilever 1. This displacement-sensor 4a is produced by 
principles, such as a well-known optical-lever method, the knife-edge method, or the critical 
angle detecting method. 

[0024] By making into a displacement signal the amplitude of free edge 1 b of the cantilever 1 
measured by displacement-sensor 4a, the detecting element 4 is connected so that it may 
output to the spectrum analyzer 3 as frequency analysis equipment. A spectrum analyzer 3 
outputs the excitation signal A for vibrating a cantilever 1 to the piezoelectric device 6 as an 
excitation member. Moreover, a spectrum analyzer 3 calculates the amplitude and phase of 
reception and a cantilever 1 for the displacement signal B from the detecting element 4 at this 
time. This count result is displayed by display 3a. 

[0025] With the gestalt of this operation, the cantilever 1 of an one-piece unit is started from 
the body 60 of a wafer in the dotted-line location of drawing 2 (b). Subsequently, fixed-end 
section 1a of a cantilever 1 is laid in supporter 10a which projects from plinth section 10b of the 
base 10. And the piezoelectric device 6 energized with the spring 2 is made to contact to the 
field of the opposite side of fixed-end section 1a, and a cantilever 1 is supported by thrust. 
[0026] Subsequently, the excitation signal A is impressed, carrying out sequential change of the 
frequency from a spectrum analyzer 3 to a piezoelectric device 6. Free edge 1 b of a cantilever 1 
performs vibration which corresponded for every frequency with this excitation signal A. The 
vibration for every frequency of this is measured by displacement-sensor 4a, and the 
displacement signal B corresponding to the amplitude of each frequency is acquired in a 
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detecting element 4. The amplitude corresponding to each frequency is calculated by this 
displacement signal B being outputted to a spectrum analyzer 3. And by the spectrum analyzer 3, 
the maximum of a vibrational state is calculated, the resonance frequency of a cantilever 1 is 
called for, and this numeric value is displayed on display 3a. 

[0027] (Gestalt 2 of operation) Drawing 4 shows the gestalt 2 of operation and the stage 12 is 
being fixed to the plinth section of the abbreviation KO charactetHike base 10 for the structure 
of a skeleton. In this stage 1 2, at least three stanchions 18 which allotted conic rubber 1 1 to the 
upper part are set up, and the body 60 of a wafer of a wafer 59 is held on it by touching by at 
least three points through the drill crowning of each rubber 1 1. Rubber 1 1 is for not decreasing 
vibration of the body 60 of a wafer by the piezoelectric device 6. The stage 12 is movable in X 
and the direction of Y by constituting from a cross stage. 

[0028] On the body 60 of a wafer, as shown in drawing 2 , two or more cantilevers 1 are formed. 
The cantilever 1 is processed into the detailed configuration based on the semiconductor device 
creation technique which consists of micro fabrication and micro-machining. Although that 
connection forms these cantilevers 1 successively on the body 60 of a wafer, the side-face and 
tip side is separated with the body 60 of a wafer. And the cantilever 1 consists of fixed-end 
section 1a which a tip side is made still thicker than free edge 1b which meat omission was 
carried out to the shape of 3 square shapes, and was made closing in, and free edge 1b, and 
supports said 3 square-shape-like part. In addition, the cantilever 1 cut from the body 60 of a 
wafer in the dotted-line location shown with an enlarged drawing (b) will be stuck on the 
excitation piezo electric crystal of a scanning probe microscope. 

[0029] Free edge 1 b of a cantilever 1 consists of silicon nitride with a die length [ of 500-2000 
micrometers ], and a width of face of 200 micrometers which formed the probe 5 at the tip, and 
fixed-end section 1 a consists of silicon or Pyrex. As an excitation member for vibrating a 
cantilever, the piezoelectric device 6 held at rubber 7 is formed in the fixed-end section 1a 
upper part of a cantilever 1. Rubber 7 is supported on the stage 9 which has a movable roller 
stage up and down, and makes the piezoelectric device 6 possible movable at the Z direction. 
[0030] The stage 9 is attached in the adapter plate 61 fixed to 10d of horizontal levels of the 
base 1 0. A fiber 1 3 is arranged at the lower part of free edge 1 b of a cantilever 1 , and, thereby, 
measures the amplitude of free edge 1 b of a cantilever 1 . This fiber 1 3 outputs an amplitude as 
an oscillating signal B through the fiber sensor 14. It connects with the fiber sensor 14 so that 
the oscillating signal B at this time may be inputted, and a spectrum analyzer 3 functions as 
frequency analysis equipment which calculates an amplitude and a phase while it outputs the 
excitation signal A to a piezoelectric device 6 and vibrates a piezoelectric device 6. Moreover, 
this spectrum analyzer 3 has display 3a of a count result. 

[0031] With the gestalt of this operation, a stage 12 moves the body of wafer 60 whole in X and 
the direction of Y, and it is operated so that a piezoelectric device 6 may be positioned in the 
fixed-end section 1 a upper part of a cantilever 1 . A stage 9 is descended and a piezoelectric 
device 6 is pressed to fixed-end section 1a of a cantilever 1. At this time, rubber 7 commits the 
shock absorbing material with which it is made for the pressure to press not to act on a 
cantilever 1 rapidly. 

[0032] Excitation of the piezoelectric device 6 is carried out by the excitation signal A of a 
spectrum analyzer 3, and the cantilever 1 which this piezoelectric device 6 touches vibrates on 
the frequency of the excitation signal A. An amplitude is detected by the fiber 13 located in the 
free edge 1 b lower part of a cantilever 1, and serves as the oscillating signal B as an electrical 
signal by the fiber sensor 14. In order to acquire the frequency characteristics of a cantilever 1 , 
a spectrum analyzer 3 carries out sequential change of the frequency of the excitation signal A, 
excites a cantilever 1, carries out sequential detection of the amplitude and phase of the 
oscillating signal B of a cantilever 1, and displays this on coincidence by display 3a. [ of free 
edge 1b] 

[0033] Moreover, apart from the approach of carrying out sequential change of the above- 
mentioned frequency, and detecting the amplitude and a phase, a spectrum analyzer 3 outputs a 
random signal and has the function which carries out the Fourier analysis of the input signal. 
Therefore, a piezoelectric device 6 is excited by the random signal, and the same result is 
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obtained even if it carries out the Fourier analysis of the oscillating signal B. 
[0034] Since the condition that the cantilever 1 is uniting with the body 60 of a wafer with the 
gestalt of such operation can estimate the property of a cantilever 1, it removes from the fixed 
part of an excitation piezo electric crystal like before, and the process of picking becomes 
unnecessary. For this reason, the cantilever of a large number which have a good property can 
be prepared, without giving deformation to the evaluated cantilever 1. Therefore, while being able 
to conduct the total inspection and a lot of sampling inspections of a cantilever of a wafer, exact 
evaluation which is not influenced by the oscillation characteristic like the fixed part to which the 
amount of vibration holds the excitation piezo electric crystal and the cantilever can be 
performed. That is, since the fixed-end section of a cantilever is excited directly, it can excite by 
high frequency and a cantilever with high resonance frequency can be evaluated. 
[0035] (Gestalt 3 of operation) Drawing 6 shows the gestalt 3 of operation of this invention. 
When the stage 1 2 fixed to the base 1 0 is fixed directly and the conic rubber 1 1 which allotted 
** etc. to three places touches it by three points through rubber 11, the body 60 of a wafer of 
the wafer 59 shown in drawing 2 is held. In addition, rubber 1 1 may hold four or more pieces to 
equal **. The stage 1 2 consists of cloth roller stages etc., and is movable in X and the direction 
of Y. 

[0036] As shown in a wafer 59 at drawing 2 , two or more cantilevers 1 are formed. This is 
processed into a detailed configuration based on the semiconductor device creation technique 
which consists of micro fabrication and micro mining. 

[0037] Free edge 1b of a cantilever 1 consists of silicon nitride with a die length [ of 500-2000 
micrometers ], and a width of face of 200 micrometers which formed the probe 5 (refer to 
drawing 2 ) at the tip, and fixed-end section 1a consists of silicon or Pyrex. 
[0038] The displacement sensor 51 attached in the horizontal level of the base 10 is formed in 
the upper part of free edge 1 b of a cantilever 1 , detects the amplitude of free edge 1 b, and 
outputs the oscillating signal B. the light from which the displacement sensor 51 was made using 
the optical-lever method, the knife-edge method, or the critical angle detecting method — a 
variation rate — it can constitute from a sensor. 

[0039] The piezoelectric device 52 as an excitation member is attached on the body 60 of a 
wafer which is the base of a cantilever 1, and the body of wafer 60 whole excites it by vibrating a 
piezoelectric device 52 according to the excitation signal A. A spectrum analyzer 3 calculates an 
amplitude and a phase by the oscillating signal B at this time being inputted while it outputs the 
excitation signal A to a piezoelectric device 52 and vibrates a piezoelectric device 52. Installation 
by the rubber 7 and the stage 9 by the binder which attached or were shown with the gestalt 1 
of operation is possible for the installation to the wafer of a piezoelectric device 52. 
[0040] With the gestalt of this operation, a stage 12 moves the body of wafer 60 whole, and 
positions a displacement sensor 51 in the free edge 1 b upper part of a cantilever 1 . The 
detection light which carries out outgoing radiation from a displacement sensor 51 was applied to 
the free edge of a cantilever 1, and has detected the variation rate in free edge 1b of the 
cantilever 1 vibrated by the piezoelectric device 52. That is, a piezoelectric device 51 is vibrated 
by the excitation signal A outputted by the spectrum analyzer 3. This vibration gets across to 
the body of wafer 60 whole, and vibrates free edge 1 b of a cantilever 1 as a result. At this time, 
it functions as rubber 1 1 not decreasing vibration of the body 60 of a wafer. The amplitude of 
free edge 1 b of a cantilever 1 is detected by the displacement sensor 51 , and outputs the 
oscillating signal B as an electrical signal. In order to acquire the frequency characteristics of a 
cantilever 1, a spectrum analyzer 3 carries out sequential change of the frequency of the 
excitation signal A, excites the body 60 of a wafer, carries out sequential detection of the 
amplitude and phase of the oscillating signal B of a cantilever 1, and displays them on 
coincidence by display 3a. [ of free edge 1b] 

[0041] Moreover, apart from the approach of carrying out sequential change of the above- 
mentioned frequency, and detecting the amplitude and a phase, a spectrum analyzer 3 outputs a 
random signal and has the function which carries out the Fourier analysis of the input signal. 
Therefore, a piezoelectric device 52 is excited by the random signal, and the same result is 
obtained even if it carries out the Fourier analysis of the oscillating signal B. 
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[0042] With the gestalt of this operation, there is no need of attaching the excitation section 
according to an individual respectively in order to excite the body of wafer 60 whole, and since 
the procedure of attaching the excitation section can be managed with once while being able to 
simplify an equipment configuration, the measuring time can be shortened. Moreover, while the 
contact to the cantilever 1 which is very easy to break by attaching the piezoelectric device 52 
which is an excitation member on the comparatively firm body 60 of a wafer becomes that there 
is nothing in the need and operability improves, a cantilever can be evaluated safely. 
[0043] (Gestalt 4 of operation) Drawing 7 shows the gestalt 4 of operation of this invention. 
When the stage 12 fixed to the base 10 is fixed directly and the conic rubber 1 1 equally allotted 
to three places touches it by three points through rubber 11, the body 60 of a wafer of the wafer 
59 shown in drawing 2 is held. In addition, rubber may hold a wafer by four or more pieces. A 
stage 12 consists of a cross stage etc. and is movable in X and the direction of Y. 
[0044] On the body 60 of a wafer of a wafer 59. as shown in drawing 2 , two or more cantilevers 
1 are formed. This can process a detailed configuration based on micro fabrication and the 
semiconductor device manufacture technique which consists of micro SHININGU. Free edge 1b 
of a cantilever 1 consists of silicon nitride with a die length [ of 500-2000 micrometers ], and a 
width of face of 200 micrometers which formed the probe 5 at the tip, and fixed-end section 1a 
consists of silicon or Pyrex. 

[0045] The end of the fiber 22 connected to the fiber sensor 23 establishes a clearance in the 
upper part of free edge 1 b of a cantilever 1 , is arranged, and it outputs the oscillating signal C 
from the fiber sensor 23 while it measures the amplitude of free edge 1 b by this. 
[0046] The end of the fiber 21 connected to the fiber sensor 24 outputs the oscillating signal D 
from the fiber sensor 24 while it prepares and arranges a clearance in the upper part of fixed- 
end section 1a of a cantilever 1 and measures the amplitude of fixed-end section 1a. A 
piezoelectric device 52 is attached on the body 60 of a wafer which constitutes the base of a 
cantilever 1 , and excites the body of wafer 60 whole by vibrating. 

[0047] A spectrum analyzer 3 calculates the amplitude and phase of a cantilever 1 by inputting 
the oscillating signals C and D at this time while it impresses the excitation signal A to a 
piezoelectric device 52 and vibrates a piezoelectric device 52. Furthermore, this spectrum 
analyzer 3 carries out difference of both amplitude and the phase on a frequency shaft, and has 
the function to acquire the oscillation characteristic of only free edge 1 b of a cantilever 1 . 
[0048] In the above-mentioned configuration, a stage 12 moves the body of wafer 60 whole, and 
positions each of the end of the fiber sensor 22, and the end of the fiber sensor 21 in the upper 
part of free edge 1 b of a cantilever 1, and the upper part of fixed-end section 1a. A piezoelectric 
device 52 vibrates with the excitation signal A, tells this vibration to the body of wafer 60 whole, 
and vibrates a cantilever 1 as a result. At this time, it functions as rubber 1 1 not decreasing 
vibration of the body 60 of a wafer. 

[0049] The oscillation characteristic of the rubber 1 1 grade in which the vibrational state of free 
edge 1 b of a cantilever 1 holds the oscillation characteristic of a piezoelectric device 52, fixed- 
end section 1a, the body 60 of a wafer, and this is included in the oscillation characteristic of 
free edge 1b of a cantilever 1. In order to dissociate from disturbance and to detect only the 
oscillation characteristic of free edge 1 b of a cantilever 1 , a spectrum analyzer 3 detects 
vibration of fixed-end section 1a with a fiber 21, detects vibration of free edge 1 b for vibration 
with a fiber 22 further, and acquires the amplitude and topology at the same time it carries out 
sequential change of the frequency of the excitation signal A and excites a cantilever 1. The 
oscillation characteristic of only free edge 1 b of a cantilever 1 can be acquired by carrying out 
difference of both amplitude and the phase with a spectrum analyzer 3 on a frequency shaft. 
[0050] Apart from the approach of carrying out sequential change of the above-mentioned 
frequency, and detecting connection and a phase, a spectrum analyzer 3 outputs a random signal 
and has the function which carries out the Fourier analysis of the input signal. Therefore, a 
piezoelectric device 52 is excited by the random signal, and the same result is obtained, even if 
it carries out the Fourier analysis of the oscillating signals C and D and calculates these 
differences. 

[0051] Although fibers 21 and 22 have been arranged with the gestalt of this operation in order 
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to detect vibration of a free edge and the fixed-end section, the device in which a free edge and 
the fixed-end section are made to carry out slide migration of the end of a fiber 21 may be 
established, and, thereby, the effectiveness that at least one fiber is the same is acquired. 
[0052] With the gestalt of this operation, since the oscillation characteristic of the fixed-end 
section of a cantilever 1 and the oscillation characteristic of a free edge are detected to 
coincidence and difference is taken, exact evaluation can be performed. Moreover, since 
oscillation characteristics other than a cantilever are cancellable with the signal of the fixed-end 
section, the highly precise and stabilized cantilever evaluation is attained. 

[0053] In addition, in drawing 7 , although the piezoelectric device 52 is attached in the body 60 
of a wafer with the binder, as the gestalt 1 of operation showed, a piezoelectric device may be 
directly contacted to the fixed-end section of one cantilever in a wafer, and this piezoelectric 
device may be pressed by the stage 12 through rubber, and the body 60 of a wafer or a 
cantilever 1 may be supported between rubber 1 1 . 

[0054] In addition, with the gestalt of the above operation, it can change not only into this but a 
perpendicular condition, can support, and a cantilever or a wafer can also be carried out, 
although it changes into a level condition and being supported with rubber. For example, to 
drawing 1 , as drawing 3 shows, by making the configuration of supporter 1 0a which supports a 
cantilever 1 into the crookedness configuration of L typeface which supports the back end side 
of a cantilever 1 the whole surface side of fixed-end section 1a of a cantilever, other 
configurations are carried out as it is, and measurement becomes possible. 
[0055] Moreover, to drawing 4 , as drawing 5 shows, the receptacle member 62 for support for 
supporting the periphery side face of the body 60 of a wafer on a stage 1 2 is added. While 
preventing fall of a wafer 59 by base 62a of this receptacle member 62 for support, the spring 63 
was arranged in the crevice of the receptacle member 62 for support, and the lever 64 attached 
at the spring 63 is provided so that a wafer 59 may be pressed and it may fix to the rubber 1 1 of 
each strut 18. Attitude actuation of this lever 64 cancels energization with a spring 63, and 
attachment and detachment of a wafer 59 are enabled. 
[0056] 

[Effect of the Invention] According to invention of claim 1 and two publications, since cantilever 
** is pinched by the excitation member and supporter material and it fixes, it can evaluate, 
without destroying a cantilever. 

[0057] According to invention according to claim 3, since two or more cantilevers are excited to 
coincidence, two or more cantilevers can be evaluated at a high speed, without contacting a 
cantilever directly. 

[0058] According to invention according to claim 4, after detecting and carrying out frequency 
analysis of the vibration of the fixed-end section of a cantilever and a free edge, the oscillation 
characteristic of a cantilever is detectable with high precision by having prepared the signal- 
processing section which carries out difference of both. 
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♦ NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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[Drawing 9] 



[Drawing 7] 
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